H
EMIPARESIS IS AMONG the most common deficits after stroke, leading in many cases to disability and ermanent dependency on community care. In Germany p 11 th 'd . I' d '
, as we as 0 er m ustria .lze coun~es, various physiotherapeutic !J'eatments are~pplied. ( (1) the forced use of the affected hand by restraining the intact arm, (2) training by shap~ng movements with the affected hand, and (3) massing the practice of both elements. Thus, during 10 consecutive weekdays (2wk), the patient wears a splint and armsling ensemble on the intact ann during waking hours to force the use of the affected hand. In addition, patients are trained for 6 hours aday to perform increasingly complex movements with the affected hand. Applied in this manner, CIMT achieves long-term improvements (2y follow-up) of the amount of use and the quality of movement of the affected ann (for reviews, see Taub et
Becaus~stroke patients witlt poorer physical condition have less capacity for demanding activities, a 6-hour a day training schedule may be too strenuous for them. The demanding nature of behavioral intervention techniques can be a major concern in stroke patients; it may also act against the therapy's effectiveness, when a patient is pushed beyond hislher endurance limits and becomes fatigued. Studying the effects of enrichment on recovery from brain lesions in animals Will et a1l 9 found that enrichment of 2 hours a day was as ben~ficial as 24 hours a day.
Th~~, the question arises: What might the optimal amount~f trammg be? The present study addresses this issue in that It compares the efficacy of tlte standard CIMT protocol, as used by~aub et~, 12 Miltner et al, IS and Kunkel et al,16 with a modified versIOn in which the daily training schedule has been reduced by 50% to 3 hours a day. The study was designed to answ~r tlte following questions: (1) Can we replicate the therape~tlc efficacy of the standard 6-hour a day protocol found in earher wor~? (2) Do patients also improve when treated with 3 hours ?f dally shaping training? and (3) Are there any differences 1ll the outcome of the 2 treatment schedules?
METHODS

Recruitment
A S~mistru~tured telephone interview was used to select potentially SUitable subjects (first contact) Clients who reported that they had some residual movem~nt of the affected arm w . ' 
ere mVl e to a laboratory for a screening evaluatIOn ;e<;0nd contact). Informed consent was obtained at this time.
atlents were accepted for participation in the study after the following criteria were met: (1) capability of extending the affected hand against gravity (wrist: 20°, fingers: 10°), (2) minimal balance problems, (3) only minor spasticity of the affected hand, (4) no receptive aphasia (Aachen Aphasia Test 20 ), (5) a Mini-Mental State Examination 21 score greater than 20, and (6) a poststroke interval greater than 12 months. The therapy was scheduled so that the baseline interval between second contact and the start of therapy was at least 2 weeks. In the week before their eIMT began, each patient was seen by a neurologist to determine whether his/her general condition was sufficiently good to permit participation. Two patients were deselected from participation on the basis of this examination.
Patients
Eighteen hemiparetic patients were accepted for the present study. Two subjects were excluded from data analysis because their follow-up measurements were missing. A third patient became ill during the second week of treatment, and that patient's data were also excluded from analysis.
The remaining 15 patients (age range, 23-77y) were randomly assigned to 1 of 2 training groups: the 3h/d group (n:;;;:8; 2 women; mean age, 68.4±7.0y; 5 right hemiparesis) or the 6h/d group (n=7; 2 women; mean age, 49.9±18.5y; 6 right hemiparesis). Hemiparesis originated from a stroke in 13 participants. In 2 patients, a moderate traumatic brain injury (TBI) had caused the hemiparesis. The neurologic damage occurred 4.8±4.7 years (range, 1-17y) before assignment to the present study. All patients were right-hand dominant before the insult (Edinburgh Inventory2Z).
All patients had received extensive physiotherapy during acute and subacute inpatient rehabilitation beginning shortly after the insult, and they had participated in other in-or outpatient rehabilitation programs to a varying degree. For all participants, the last rehabilitation inpatient stay had ended at least 6 months before eIMT.
Treatment
Participants in the 6h/d group received the standard eIMT protocol with constraint of the unaffected arm for a target of 90% of waking hours and 6 hours of daily training by using a shaping procedure. 1O In the 3h/d group, the shaping was reduced to 3 hours a day. Other than the number of hours of daily training, the eIMT protocol was identical for both groups. Treatment was given every weekday for a period of 2 weeks. In addition, constraining the unaffected hand during waking hours promoted the use of the affected hand in the laboratory and at home. On the weekend, only the constraint was worn; no training was provided. Two types of constraints wer~used: a resting hand splint and armsling ensemble or a speCIally designed half glove. In patients without balance problems, the splint and sling ensemble was worn on the unaffected hand. In patients with balance problems, a half glove was~sed to enable the subject to use the unaffected hand for safety III the event of a fall. Patients were assigned to groups according to a pseudorandom order that counterbalanced type of constraint (3h!d group: 4 sling and 4 half glove; 6h!d group: 4 sling and 3 half glove).
Outcome Measures
Before they started their eIMT treatment, patients received a medical and neurologic examination. Before and after the intervention period 2 tests were administered, the Motor Activity Log (MAL) and the Wolf M~tor F~nction T~stll 
of daily living (ADLs; eg, cutting bread, carrying a bag). In the WMFT, 16 tasks had to be performed, ranging from gross arm to fine finger movements. For each task, the speed of performance was recorded, with 120 seconds being the maximum time allowed for performance of each item. The performance at each test administration was characterized by median performance time and mean AOD and QOM.1O The MAL was administered 7 times: at baseline (second contact), pretreatment (the Friday before the first treatment day [usually Monday]), posttreatment (Monday after the last treatment day), and at follow-up weekly for the next 4 weeks. The WMFT was given twice, before and after the 2-week eIMT period.
The MAL items were subdivided into 2 subcategories: items in which the AOD and QOM of the affected arm was rated (N=15) and items in which the unaffected arm was rated (N=5). Because unaffected arm use should not change substantially with eIMT, the unaffected arm score served as a type of control or index for comparison. Three-way analysis of variance (ANOVA), incorporating the repeated-measurement factors time (baseline, pre, post, follow-ups 1-4) and the 2 between-group factors training (3h!d, 6h!d) and constraint (glove vs splint and sling ensemble), were calculated for the 2 MAL scales (AOD, QOM), respectively. WMFT data were analyzed with a 4-way ANOVA comprising the between-group factors training and constraint, and the 2 repeated-measurement factors time (pre, post) and hand (affected, unaffected). We used t tests and ANOVAs of subsets of data for mean comparisons and post hoc analyses.
RESULTS
The AOD and QOM scores for baseline, posttreatment, and follow-up are plotted separately for the 2 groups in figure 1. Before treatment, mean scores did not differ significantly between groups. After treatment, the AOD and the QOM scores increased substantially in both groups and remained well above the baseline level in the follow-up period in each patient. Across the 4 follow-up measurements, performance was stable for all participants.
The ANOVA for the AOD and QOM parameters reflected the treatment gain by a strong time effect (AOD: F 6 • 66 = 62.2, P<.OI; QOM: F 6 • 66 =66.8, P<'OI). In both parameters, the treatment effect was greater for the 6h/d group than for the 3h/d training group, as indicated by the training by time interaction (AOD: F 6 • 66 =2.8, P<.05; QOM: F 6 ,66= 2.6, P<.05). The difference in motor improvement between the 2 training conditions was particularly prominent, when only the last follow-up was compared with baseline values (F I . ll =9.4, P=.Ol; combined AOD and QOM score). In the 6h!d group, the difference between baseline and the 4 follow-up sCOres comprised 2.0 MAL units for the AOD and 1.6 MAL units for the QOM (maximal score in both measures, 5 units). In the 3h!d group, an increase of 1.2 MAL units was found for the AOD and the QOM. The scores for the unaffected hand did not change with therapy.
For the WMFT, there were significant effects of time (F 1 . 1l =12.1, P<.OI) and time by hand (F t • ll =8.9, P<.05), indicating that affected hand performance increased in speed from pre-to posttreatment. The median pre-post performance time gain was 2.34 seconds for the 6h/d group but only .64 seconds for the 3h!d group; the interaction, however, was not significant. When t tests were computed for subsets of the data, the improved performance reached significance in the 6h/d group (t=3.5, P<.OI; mean performance time gain, 2.32s). In the 3h/d group, significance was achieved only for the I-tailed test assumption (t=2.0, P= .09, 2-tailed; mean performance gain, 1.87s). No pre-post differences in WMFT performance were found for the unaffected hand, DISCUSSION The present study indicates that CIMT has a pronounced and significant effect on improving the motor ability in chronic hemiplegia. This finding was true for both the standard and the reduced training conditions. Throughout the treatment period, continuous improvement of hand movements in the shaping tasks was observed in each patient. For example, increasingly smaller objects could be picked up faster and with progressively less effort. The patients' functional movement capabilities improved so that new tasks of daily living could be performed outside the laboratory and in the home environment after treatment. The new real-world behaviors that patients performed after treatment consisted of such ADL tasks as eating soup with a spoon, cutting meat, or combing the hair with the affected hand. In line with these observations, statistical analysis of objective outcome measures for the whole sample showed a significant improvement with eIMT in all 3 dependent variables (AOU, QOM, speed of movement). Prepost comparison of WMFT measurements revealed that all patients were able to perform movements with their affected hand faster after therapy. On the MAL, the affected hand performance increased significantly for AOU and QOM. These findings indicate that the affected hand was used more often and with better quality for ADLs; thus, the improvements induced by training in the laboratory transferred into the home environment. Throughout the follow-up period MAL Scores for the affected hand dimension remained stable. In contrast, no treatment-related changes were found for the unaffected hand on either the MAL or the WMFT. Because the improvement was specific to the trained hand, the likelihood that nonspecific placebo-type factors could be responsible for the observed treatment effects is low. The present data thus are in full agreement with the following results reported in other eIMT studies 10 ,12,15,16: (1) chronic hemiparesis after stroke or TBI can effectively be improved by 3h/d or 6h/d ClMT, and (2) Comparing the effectiveness of the 3h1d protocol to that of the standard 6h/d procedure yielded important insight. Statistical analyses of the subgroup data revealed thut the 3h/d patients did improve with treatment. However, the therapy effects were stronger in the 6h/d group. Because no pretreatment differences existed in the baseline and pretreatment values between the groups, the greater efficacy of the 6h/d training protocol can be ascribed to the more intense training schedule. It might seem intuitively reasonable that a more intensive training protocol induced larger therapeutic effects. However, patients in both groups wore the restraint during most of their waking hours. The outcome of the present study is relevant to the conceptual framework of CIMT in 2 ways. First, it is not obvious that a reduced CIMT protocol would retain any effectiveness: massed practice is an essential principle in CIMT, and until now little information about the relationship between the amount of training and the effectiveness of the treatment was available. The relationship is probably nonlinear. Thus, the finding that 3 hours of treatment leads to clear, albeit limited, improvement is interesting. Second, the data emphasize the importance of the massing of practice for CIMT. eIMT consists of 3 elements: shaping, the intensity of the training, and the forced use of the affected hand induced by wearing the constraint on the unaffected hand. Little data exist on how these elements interact with regard to treatment efficacy. Because training the patients with the 6h1d schedule is labor intensive and therefore expensive, it is important to know how much training is necessary to achieve maximal efficacy. Our present data show that the effectiveness of the 6h1d training schedule is superior to the 3h/d schedule, although a significant and functionally relevant treatment effect can be obtained with 3 hours of daily training.
In the present study, 4 follow~up measurements were performed over a l~month period. Within this period, the treatment effect measured by the MAL remained stable in both groups. For the standard 6h1d eIMT training schedule, longterm follow-up has revealed little or no decline in improve-m'~nts up to 2 years after treatment. 10 • 14 It is not possible at present to predict long-term retention for the 3-hour group. There might be stability, further improvement up to near the ceiling of the 6-hour group, or a decline, simply because the level of performance reached is insufficient to maintain the use of the affected arm over a prolonged time. Therefore, in addition to the obvious necessity for replication in a larger sample, long-term follow-up data will be necessary to fully ascertain the usefulness of the 3-hour treatment protocol.
CONCLUSION
The data obtained in the 6h1d training group replicates earlier results 18 and thus generally confirms the effectiveness of CIMT for the treatment of chronic hemiplegia. The new data from our present study suggests that a reduced 3-hour training schedule combined with constraint of the unaffected arm significantly improves the patient's movement capabilities and that those capabilities transfer from the therapeutic setting to the home environment. However, the clinical benefits in the 3h/d group are not as great as when 6 hours of daily training are given, indicating greater efficacy of the 6h1d training schedule. One must bear in mind that the present study compared small groups and that future investigations are needed before final conclusions can be drawn.
